Mr. Victor Purvis remarked that the two children who were the subjects of this communication would be of interest to physiologists and psychologists for a long time to come. He looked forward to the time-perhaps twenty years hence-when Dr. Chom6 would come and tell them the after-history. He gathered that there was a distinction between mirror writing and north-and-south writing. Mirror writing was fairly common. It was found in left-handed children. North-and-south writing and reading characterized few of their patients and he only remembered one case in the out-patients' department where an old lady read for the whole of the morning session, holding the reading matter upside down.
The Optical Control of Sharp Ophthalmic Instruments SINCE Heinrich Schmidt included in his paper, "Der EinzCigige Starschnitt" (Z.f. Augen. 1911, 25, 154) , a dispassionate estimate of British cataract knives, their reputation has been paramount. Many American oculists used to spend their entire duty-free import allowance on them in prewar days. Of recent years, Swiss knives have gained a good reputation also.
In judgin.g the sharpness of a cataract knife by its operative performance, allowance must be made for variations in scleral toughness, the effects of sterilization, lack of skill in the rapidly changing theatre staff of a training school, and the angle of attack adopted by the operator.
Due allowance having been made for these factors by 1940, one of us (J. F.) had become convinced that the lack of uniformitv in performance was due largely to the failure of the trial drum to eliminate defective units. He therefore asked the Master Cutler of Sheffield the best method of testing the sharpness of a knife, and was referred to Mr. J. F. Kayser, the Senior Technician of Gillette Industries Limited.
Mr. Kayser, who is an Associate in Metallurgy of the University of Sheffield, is, I have since learnt, the leading international authority on cutting. edges of all kinds, from those used in cutting steel to those used in trimming carpets. He has done much work on the cataract knife problem during the last five years.
PART I U. F. K.)
A number of factors are involved in the production of sharp, acute-edged cutting implements, and they may be classified as metallurgical or mechanical factors. Metallurgical factors comprise, inter alia, choice of material, heat treatment and chemical and physical properties of the heat-treated knife, whilst shape, dimensions of edge, surface finish of facets, &c., are mechanical factors.
Safety razor blades and many surgical knives are made from cold rolled carbon steel containing approximately 1.3% carbon. Cold rolled material containing less than 1.3%/ carbon may, however, be used and for some purposes it might be preferable to use steel containing not more than 0.7% carbon.
As received from the steel maker, cold rolled steel has a bright, mirror-like surface and every endeavour should be made to preserve this surface throughout the heattreatment process, and the material should leave the heat-treatment furnace as bright as it entered it. This can be easily achieved if heating takes place in an atmosphere of dry hydrogen or cracked ammonia. Fig. 1 shows two safety razor blade strips; one before heat-treatment and the other after heat-treatment. It will be noted that both look alike. In general, the heat-treatment of a safety razor blade or surgical knife comprises two steps., hardening and tempering. Hardening consists in heating to a temperature somewhat above 750 0C., the exact temperature depending upon the composition of the steel, and cooling rapidly. Many knives can be heat-treated in strip form and if the cross section is not greater than 0-02 in. it is not necessary to quench in water or oil but one may quench by passing the flat strip between water-cooled blocks. Blades that cannot be hardened between water-cooled blocks must be quenched in oil. Many ophthalmic instruments fall in this latter class.
As originally quenched, carbon steel is too brittle for most purposes and it consequently must be tempered. Tempering consists in heating to a comparatively low temperature (200w400o C.), the exact temperature and duration at the temperature dependiig upon the type of steel and the physical properties required. This temperature must again be controlled with very nearly the same accuracy as the hardening temperature.
Control of hardening and tempering temperature is alone not sufficient to ensure a correctly hardened blade, and the product must be sampled and tested for hardness and toughness to ensure that heat-treatment has been satisfactorily carried out.
In the case of very expensive knives heat-treated individually, it is often desirable to measure the hardness of each knife and to submit a small percentage to a toughness test. In the case of blades that may be hardened continuously such as Bard-Parker knives, it is usually sufficient to determine the hardness approximately every 2,000 bladcs.
There ware many different types of hardness tester, adequate descriptions of which are to be found in the technical literature. For such implements as surgical knives, the most useful is the diamond indentation test. In this test a diamond pyramid is pressed into the article to be tested under a constant load, and the hardnerss number is the quotient o the load in kilograms divided by the superficial area of the impression in square millimetres.
In the hardened state, before tempering, the hardness of acute-angled knives should be not less than 850 and may be as high as 900 to 925. In general, such high hardness goes hand in hand with brittleness and the steel should be tempered to reduce the hardness to approximately 800. - The relative hardness of a number of cataract knives was found to be as followvs:
Weiss Apart from hardness, blades must possess a certain amount of toughness and this is usually determined by means of an empirical bend test. It is difficult to specifv a suitable bend test as it depends so much tupon the thickness and shape of the knife.
Beside carbon steels, stainless steel is also used for the production of fine-edged cutting implements. As its name indicates, it possesses the very desirable property of a degree of stainlessness. No steel is, however, absolutely stainless and the term is relative. In spite of possessing a very considerable degree of stainlessness, stainless steel has, however, the disadvantage of requiring a high heat-treatment temperature (approx. 1050°C.), of being insufficiently hard after heat-treatment, and of responding with difficultv to the operations of grinding, honing and stropping. Stainless steel for the manufacture of acute-angled cutting edges should contain not less than 140o chromium and 099o/ carbon. From time to time cutting instruments have been made from special bronzes, but it is considered that none of thcm has been sufficiently hard to ensure durability. Means for measuring sharpness and for determining the exact contour of a sharp cutting edge are available and in constant use.
By the use of specially constructed optical goniometers an(d of the diamond wedlge interference method developed by one of the authors (J. F. K.), the angles of inclination of the minute facets that make up the extreme edge can be measured and the radius of curvature of the edge itself can be determined.
Instruments incorporating light-sensitive cells enable the detection of imperfections that are not visible under the microscope. With a speciallv adapted profilometer. the depths of grinding marks and of minute scratches on highly polished surfaces cani be measured, although the surface itself mav be less than 0 001 in. wide. A suitable profilometer is capable of measuring scratches that are not more that 0-000001 in. deep. It is impossible to produce sharp edges uniformly without means for examining them during production and for that purpose a microscope fitted with a suitable illuminator is absolutelv essential.
A standard microscope is quite suitable, but special attention must be paid to the illuminating svstem. The ordinary vertical illuminator such as is used on metallurgical microscopes is not satisfactory because it mav give erroneous results. In this method of illumination a beam of light directed on to the specimen bv means of a prism or "cover slip" reflector is reflected back from the specimen into the objective. Unless the surface is flat and at right angles to the optical axis of the microscope, the incident light will be reflected away from the microscope altogether. Since all cultting edges are bevelled, a different system of illumination must therefore be uised andl experience has shown that the most suitable procedure is to use a dark field illuiniilator.
The necessitv for correct illumination is shown by figs. 2 and 3 which show the point of a keratome photographed at 100 magnifications. Fig. 2 was taken using dark field illumination from a Leitz Ultrapak, whilst fig. 3 shows the same area photographed %vith an ordinary vertical illuminator. In the second photograph the bevel cannot be seenl and an entirelv false impression is given of the edge.
Perfect edges are most readily produced by automatic machinery. Some knives, especially ophthalmic knives, unfortunatelv, do not lend themselves to auitomatic prodlLUction. There are several reasons for this. In the first place the knives are verv smiall alld are only required in small quantities. Furthermore, the presence of a fixed handle serioLisly mitigates against auLtomatic production.
All detachable knives should be made bv automatic machinerv blut, unfortunatelv. some surgeons have a partiality for shapes that cannot properlv be automaticallv produtced.
The result is that such knives never have a satisfactory cutting edge and, in 'spite of the fact that the surgeon may be happy w ith the shape of the blade, it is diffictult to see how he call be equLallv happy wvith its sharpniess. It is suggested that the suirgeons should agree amongst themselves what shapes are necessary and, having agreed uipon a reasonable number of shapes, should then insist on such knives being properlv mantufactulred. In general, it may be said that straight edges are the most easily manu1factured. B3v the )rovision of special cams certain types of convex-edged knives can be produced auitomatically, but there does not appear to be machinery capable of prodcluing knives with concave edges.
As a result of extensive investigations carriedl out over a number of years, it has been established that the sharpest cutting edges (which unfortunately are onlyv fotund wvith any degree of uniformity amongst safety razor blades) are made up of two mintute mirror-like facets suLbtending an angle of 20 degrees to 24 degrees to one another. rhe radiois of Proceedings of the Royal Society of Medictne 26 curvature of the extreme edge is approximately 0-00001 in. A good edge is never sawlike but is essentiallv straight even when examined at magnifications as high as 500 times.
A photomicrograph of a sharp cutting edge such as may be found on manyi safety razor blades and some suLrgeonis' knives made tinder optical control by modern mass production methods is shown in fig. 4 . The final facet (the facet adjacent to the edge) is, for all practical purposes, free from scratches, and the few present are less than 0 00001 in. deep. T'he final facets of most surgeons' knives appear only to be rougLh ground, and the scratch depth frequently exceeds 0 0001 in., with the result that the edges are saw-like. Fig. 5 shows the edge of a detachable knife taken from a packet of knives, no two of which were alike and which appeared to have been made without any control. These were carefully removed from the package by one of the authors (J. F. K.) and the photographs show the blades as they wotuld be received by the operating surgeon. It should be particularlI noticed that figs. 4, 5, 6 and 7 were not taken at particularly high magnifications, but only at 50 diameters.
As might be anticipated from their minuteness, sharp cutting edges are extremely fragile ancl if thcy are to be packed without damage it is necessary to exercise a considerable amount of thought anid skill.
It is indeed highly probable that they undergo more damage when being packaged and at the hands of the theatre nurse responsible for taking them out of the package and sterilizing them than is incurred duLring normal use.
There are two aspects to the damaging of sharp-edged instruments, namely the mechanical and the chemical side. A slight touch will severely damage an edge and there is a very marked difference in the way in which a really sharp knife and one damaged bv careless handling will cut tissue.
Carbon steel cutting edges are particularly prone to corrosion and should always be adequately protected by the manufacturer, but the manufacturer cannot be held responsible for corrosion that mav occur when the knives have been removed from the original package.
Particular care must be taken not to damage sharp-edged knives during sterilization. Sterilization of detachable blades at 160°C. for ten minutes is quite permissible as such blades should never be used more than once; repeated sterilization at 160°C. or over will soften the steel.
It must not be forgott.en that many sterilizing solutions attack steel.
In general, all solutions having a pH value lower than 7, i.e. possessing some degree of aciditv, have a corrosive action on steel. On the other hand, many solutions having a pH value above 7, i.e. possessing some degree of alkalinity, are non-corrosive to steel at room temperatures; at temperatures near to 1000 C., however, some corrosion of the cultting edge may take place and the slightest corrosion is sufficient to blunt a sharp cutting edge. It in not always possible to predict corrosive tendencies from the presence or absence of a particular element in the sterilizing solution because much depends upon the manner in which the element is combined. For example, free chlorine or iodine, or tinct Lre of iodine, are stronglv corrosive to steel, and so also is alkaline hypochlorite.
On the other hand, alkaline preparations of chloro-xylenols are non-corrosive. A potentially corrosive effect may often be prevented by the presence of an alkaline ingredient.
Lvsol in alcohol (1: 2) and liquor chloro-xylenolis B.P. both contain soap, whilst liquor boracis et formaldehydi contains borax; all three solutions may be safely used.
FIG. 8
Care must be taken not to allow instruments to stand in solutions that have a tendency to crystallize out. If that happens small crystals always concentrate on the cutting edge as shown in fig. 8 . Pture alcohol has no corrosive effect on steel but alcohol in contact with air invariably contains traces of oxidation products, i.e. aldehyde and acetic acid, and it then has a tendencv to promote corrosion.
Stainless steel instruments, as their name implies, are much more resistant to corrosion than carbon steel instruments, but the halogens, e.g. chlorine and iodine, attack them so that even when using stainless steel knives, care must be taken when choosing a sterilizing medium.
PART II (J. F.) Kayser's methods applied to new and unused cataract knives reveal that a new knife for every operation is no solution of the problem, as about 6 to 10%/, are defective from rust, have blunt, chisel-like, or oversharp points, and the edge build-up is inconsistent, sometimes poor, and alwavs inferior to a Gillette blade.
Technique.-To obtain a safe mobility on the moving stage, special holders had to be designed. That illustrated (fig. A) holds cataract knives, needles and straight keratomes, with the ground zone roughly horizontal. Keratomes require a small stand and trephines a device allowing rotation (photographs not reproduced).
Pass standards ( wedge-cutting action, that a fine point and straight edge are optimal, and that instruments should be used once only. Surgeons who prefer to "saw", a shortage demanding repeated use, and the limitations of hand grinding, force a compromise on these points.
Exclusion of laterally bent, obviously blunt, and unstable points (fig. B ) out of batch of new knives, will leave the rest to provide a rough standard.
A perfect point was shown for comparison (not reproduced) and a photograph of a good edge is seen in fig. C . A slight irregularity is observable. Notches even though < 0-02 mm. wide should reject unless near the heel. Slight rust on the flat can be passed, but not on the ground zone. The best knives have a ground zone 0 03 to 0 07 mm. wide on which the grinding marks are just visible. Ziegler knives have an edge comparable with this when new, and poorer after regrinding. Keratome edges are always inferior to it.
The many British and few Swiss knives examined were superior to most American. Such French and German knives as could be obtained were of a lower standard.
Trephinies.-These are softer (VDH 473), and more prone to rust and structural defects (50% in some types) than cataract knives. The problem is which defects can be passed at a time of scarcitv. "Chips" out of the ground zone, small notches (unless enlarged by rust) and splits unless curled in or "veed out" can be tolerated though thev slow up cutting. In times of plenty such instruments should be rejected and resharpened unless a pitted or perforated barrel indicates future defects. MIagnification x 40 is adequate, and the wide objective permits a view of the interior of the barrel.
Are there enough defective instruments in circulation to justify optical control? A The Manchester Eye Infirmary is the largest in the countrv, and has a large stock of new and once used eye instruments ready for use. By permission of Mr. Duthie 122 of these, including cataract knives, needles, keratomes, and trephines, were examined optically (average time per unit 64 sec.).
Group A (unutsed) 
